ABSTRACT: Novel compounds with two or three corannulene subunits have been obtained by "Click Chemistry". These exotic systems were synthesized in high yields using the ethynylcorannulene as common reagent. The synergistic action as receptors for fullerenes of several corannulene blocks has been evaluated. It was found that the three-armed derivatives showed efficient complexation abilities toward C 60 . Furthermore, a new compound having two corannulene subunits linked to a hexahelicene scaffold, has a remarkable affinity constant. Finally, theoretical calculations have been performed to evaluate the formation of their relative adducts containing a C 60 molecule.
Corannulene is a non-planar polyaromatic molecule which can be considered a fragment of fullerene C 60 .
1 This bowl shaped -conjugated compound has several interesting properties.
2 Its non-planar shape gives rise to stronger interactions with fullerenes. In the first place, corannulene has a dipole moment due to the different electronic density on its concave and convex faces, 3 which allows the existence of dipolar interactions. On the other hand, there is an excellent complementarity between the concave inner surface of corannulene and the outer convex surface of fullerene that has recently been displayed by a 1:1 cocrystallization between both molecules. 4 These properties of the bowl-shaped corannulene have promoted the study of several corannulene derivatives as hosts for fullerenes, 5 including polymeric architectures. 6 Our previous work studied the preparation of bis-arene(acetylide) platinum complexes of several polycyclic aromatic hidrocarbons (PAHs) such as pyrene, helicene or corannulene; evidence that the corannulene derivative showed the most efficient association with fullerenes out of all the platinum complexes (Figure 1 , left). 7 These biscorannulene tweezers present a strong - interaction with the fullerene. This effect had been previously found by Sygula et al. for their all-organic buckycatcher containing two corannulene units (Figure 1, right top) .
5d,e,g,h It is reasonable to think that an adequate strategy to obtain improved corannulene-based receptors for fullerenes would be to increase the number of corannulene units in the host, where two or more corannulene moieties can interact with fullerenes simultaneously. Along this line, Sygula et al. reported a triscorannulene compound with a cyclotriveratrylene tether (Figure 1 , right bottom) 5f concluding that having three corannulene subunits did not substantially improve the affinity for fullerenes, despite the great results observed previously by Mendoza et al. 8 with exTTF receptors. Although the compound seems to accommodate well for a C 60 inclusion, the thermodynamic data arising from experimental NMR titration suggested that only two corannulenes interacts with guest molecule. Additionaly, it was hypothesized that the intrinsic flexibility of the host could make stacked conformers competing with the formation of inclusion complexes. Under these limitations, we considered to evaluate the affinity of other multi-corannulene hosts having similar flexibility but modifying the geometry of the tether in order to reduce them.
Herein, we present the synthesis and complexation study with C 60 of two three-armed triscorannulene derivatives (1 and 2) . Additionally, we have designed and prepared a novel biscorannulene compound 3, in which two corannulene subunits are linked to a chiral hexahelicene skeleton through triazole units.
We used copper catalyzed azide-alkyne cycloaddition (Cu-AAC) as a simple and practical route to prepare these compounds. Known as "click chemistry", this regioselective procedure has been used in recent years for the preparation of a wide variety of new materials.
9 Parallel to our work, Stuparu published the synthesis of triazole-linked corannulene derivatives using CuAAC as an efficient synthetic route to prepare related corannulene rich materials. The preparation of all new compounds started from ethynylcorannulene as common alkyne reagent (4).
11 Two known azides, α,α,α-tris(azidomethyl)ethane (5) and 1,3,5-tris(azidomethylbencene) (6), were prepared by using a reported procedure, 12 while a third one was synthesized following the protocol depicted in Scheme 1, in which 2,15-dimethylhexahelicene (7) 13 was monobrominated on each methyl group before nucleophilic substitution with an excess of sodium azide to give 9 in good yields.
Scheme 1. Synthesis of 2,15-bis(azidomethyl)hexahelicene (9).
The three azides react with ethynylcorannulene, in the presence of catalytic amounts of copper sulfate and sodium ascorbate in a mixture of 4:1 THF/H 2 O to afford, in good yields, the expected 1,4-disubstituided 1,2,3-triazoles 1-3, respectively (see Supporting Information for experimental details). The new corannulene compounds have been completely characterized by analytical and spectroscopic methods. 1 H-NMR spectrum recorded in CD 2 Cl 2 for triscorannulene derivative 1 shows the presence of a single compound of high symmetry. The protons of the three corannulene subunits appear as chemically equivalent and show a pattern consisting of a doublet at 8.38 ppm (integrating to 3H), a singlet at 8.29 ppm (3H) and a multiplet of overlapped signals between 7.82-7.70 (21H); while the signal of the triazole appears at 8.64 ppm as a singlet. In addition, the signals of the aliphatic protons appear at 4.71 ppm as singlet (methylene protons) and at 1.16 ppm as singlet (methyl group). These data are in agreement with the proposed structure bearing three corannulene units in the molecule.
1 H-1 H NOESY spectrum of 1 in CD 2 Cl 2 showed a NOE cross peak between the triazole and the methylene protons (see Figure S9 ). However, a NOE cross peak between the triazole and the methyl group was not observed. All these results suggest that compound 1 keep a C 3 axis in solution, being the triazole protons and the methyl group in a relative anti orientation. Moreover, its 13 C{ 1 H} NMR spectrum agree to this highly symmetrical structure.
Regarding compound 2, the 1 H NMR spectral pattern at room temperature suggests that this molecule, again, has a high degree of symmetry in solution. The corannulene protons in 2 show a characteristic signal pattern in the aromatic region consisting of one singlet, three pairs of doublets and two AB systems in the region of 8.1-7.2 ppm. Additionally, two extra singlet peaks at 7.94 and 7.28 ppm can be assigned to triazole and benzene rings, respectively. The remaining methylene protons appear at 5.54 ppm as a singlet. These results, together with its 13 C{ 1 H} NMR and 2D spectra, unambiguously support the trigonal structure depicted in Figure 2 for this derivative.
Finally, compound 3 shows a very crowded 1 H NMR spectrum in the aromatic region in CDCl 3 (see Figure S20) . Thirty corannulene or helicene protons appear in the region of 8.2-7.6 ppm as doublets, AB systems or singlets, making very difficult the assignment of all the signals. The triazole singlet appears at 7.27 ppm, partially hidden by the solvent residual peak, and the remaining aromatic signal corresponding to two helicene protons are around 7.16 ppm. The diasterotopic protons of methylene appear as a pair of doublets at δ 5.17 and 4.89 ppm. 1 H, 13 C{ 1 H}, 2D NMR spectral data, along with Mass Spectrum, are in agreement with the presence of two corannulene moieties in the molecule.
Once characterized the identity of all compounds, several experiments were carried out in order to determine the binding constant with C 60 . A deuterated toluene solution of either receptor was titrated with fullerene and a Job's plot was plotted for each compound at room temperature. All of them are consistent with the formation of 1:1 stoichiometry adducts.
For compound 1, the NMR titration experiment showed that, surprisingly, the most significant changes in chemical shift were observed for methylene protons (see Figure 3) . Although the concave surfaces of corannulene subunits should wrap nicely around the entrapped fullerene guest, this data suggests that the position of fullerene within our host is very close to the CH 2 fragment. This behavior could be explained by the formation of reasonable CH- interactions between the methylene groups and C 60 . In fact, there are some examples about the existence of these interactions in supramolecular fullerene chemistry. respectively. These values are among the highest reported to date for a corannulene derivative as a host for fullerenes, however, it's very interesting, and not totally surprising, to notice that all measured constants are of the same order, independently from the number of corannulene subunits. This fact can be explained a priori by the existence of intra and/or intermolecular interactions between corannulene units, which are known to induce notable changes in its properties. The possible self-association of compounds 1-3 has been studied by 1 H-NMR spectroscopy using the analysis of proton chemical shifts in toluene-d 8 solution as a function of concentration. In all cases, the signals of all protons remain unchanged, evidencing the lack of self-association in the derivatives 1-3. However, intramolecular association may still occur and affect the value of the measured binding constants, therefore, theoretical calculations were performed to evaluate their strength.
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Taking into account the preliminary computational results discussed in the supplementary data, several conformations for compounds 1-3 were optimized. For the host 3, the most stable structure has both corannulene subunits in a concave-concave situation, as in Figure 4 , left, being able to reasonably accommodate a C 60 just by slightly opening the tweezers. A second 'onion-like' conformer, very close in energy (less than 1 kcal/mol) was found, with the corannulene moieties pointing in near perpendicular directions and the helicene spacer between them, most likely having CH- interactions, as in Figure 4 , right. Since the first conformer is well preorganized to act as a host to fullerenes, this adduct was reoptimized in the presence of a C 60 . The expected adduct, namely 3C 60 in Figure 5 (right), shows the two corannulenes interacting properly with the fullerene. The same protocol was applied for host 2, in which two minima for 2C 60 were found. In both cases just two corannulenes can be considered to interact satisfactorily with the fullerene, and the third subunit seems not to be able to adapt to the remaining surface of the geodesic polyarene or it prefers to establish interactions with one of these former corannulenes (Figure 5, left) . This conformer is 12.2 kcal/mol more stable than the other and will be discussed next, the results for the less stable conformer are included in the supplementary data. The interaction energies between host molecules and the fullerene have been calculated in the optimized adducts and the results are gathered in . This expected result confirms that both corannulene subunits contribute equally to stabilize this adduct. However, if 2C 60 is taken into account, the value is not tripled at all. The optimized structure shows one corannulene interacting with another via CH- contacts (see Figure 5 , left), and, therefore, E INT (-54.87 kcal/mol) shows the contribution of two corannulene-C 60 - interactions plus the latter CH- contacts.
Nevertheless, we have calculated an adduct having a fullerene and three unsubstituted corannulenes well adapted to the geodesic polyarene surface, in which the E INT (-53.05 kcal/mol) is three times the value of the interaction between an unsubstituted corannulene and the C 60 (-17 kcal/mol). 17 This result is in agreement with the fact that the major contribution to the interaction energy is the - interaction between a corannulene and a C 60 . Since in our host with three corannulenes (compound 2) the spacer is not long enough to allow the three corannulenes to interact with C 60 , an association constant similar to that of the host with only two corannulenes (compound 3) was obtained. . Although the use of a longer spacer that permits the interaction of all corannulene subunits with fullerene could be a reasonable decision in order to make the association constants larger, the potential entropy association penalty or solvation contributions could dramatically decrease the affinity toward fullerenes due to their larger flexibility. We have also developed a novel biscorannulene receptor 3, which bears a chiral hexahelicene moiety, with significant abilities for binding C 60 (K a = (2.55±0.14)×10 3 M -1 ). These findings open the possibility of utilizing the enantiomers of derivative 3, as host molecules for recognizing and discriminating higher chiral fullerenes. This potential application in enantioselective molecular recognition is currently under investigation.
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